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ABSTRACT 


An  epitaxial  GaAs  system  has  been  designed  for  the  growth  of  low- 
high-low  GaAs  for  use  in  Read-type  IMPATT  diodes.  This  epitaxial  system 
includes  a computer  control  system  for  the  operation  and  monitoring  of  the 
epitaxial  growth  process. 


I 


INTRODUCTION 


The  purpose  of  this  program  is  the  establishment  and  verification  of 
techniques  to  reduce  the  labor  and  increase  control  of  processes  used  in  the 
preparation  of  epitaxial  GaAs  and  subsequent  fabrication  of  Read-type, 

Low- High-Low  (LHL)  GaAs  IMPATT  diodes.  The  reduced  labor  and  increased 
control  will  be  demonstrated  by  improved  manufacturing  yields  at  reduced 
manufacturing  cost.  The  mechanism  by  which  these  improvements  are  to  be 
obtained  is  the  automation  of  the  epitaxial  crystal  growth  process  with 
appropriate  feedback  mechanisms  which  will  regulate  process  variables 
in  accordance  with  actual  conditions.  The  system  is  required  to  control  and 
respond  rapidly  to  variation  in  wafer  temperature,  exposure  time  of  the  wafer 
to  this  temperature,  the  flow  rate  of  the  dopant  and  epitaxial  gases,  the 
chemical  composition  of  these  gases  and  the  interrelationship  of  all  these 
factors.  In  addition,  the  epitaxial  crystal  evaluation  (routine)  will  be 
eliminated  and  crystal  evaluation  (non-routine)  will  be  reduced. 

The  engineering  effort  will  be  restricted  to  the  epitaxial  crystal 
growth  and  epitaxial  crystal  evaluation  required  to  produce  high-efficiency 
Read-type  IMPATT  diodes  plus  sample  diodes  to  demonstrate  the  progress. 

The  success  of  these  control  programs  will  be  demonstrated  by  a pilot  line 
production  demonstration  of  the  required  X-band  diode  as  defined  in  SCS-481, 
dated  23  December  1974. 

The  epitaxial  crystal  evaluation  will  productionize  the  measurement 
methods  specified  for  dislocation  density  of  the  substrates  and  buffer 
layers,  doping  and  uniformity  of  the  substrates  and  buffer  layers,  doping 
profile  of  the  epitaxial  LHL  crystal,  and  the  thickness  of  the  buffer  layer. 

A suitable  X-band  test  cavity  shall  be  designed,  fabricated,  and 
used  to  test  the  performance  of  the  diode.  The  cavity  shall  incorporate 
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proper  bias  circuitry,  shall  provide  easy  access  to  the  diode  and  fast 
interchangeability  of  diodes  for  quick  testing.  Parts  and  materials  shall 
be  in  accordance  with  MIL-P-11268.  Forced  air  or  water  cooling  shall  not 
be  used.  The  output  terminal  shall  be  a standard  waveguide  terminal 
mating  with  flange  UG-39/U.  The  cavity  used  to  test  engineering  samples 
shall  be  identical  to  that  supplied  with  the  samples. 

The  required  wafer  yield  is  fifty  percent  (50%)  of  the  wafers  grown 
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shall  have  eighty  percent  (80%)  (minimum  area  3.0  cm  /wafer)  of  usable 
material.  The  term  usable  defines  material  which  meets  specifications 
for  dislocation  density,  doping  profile,  and  is  capable  of  producing 
diodes  meeting  specification  SCS-481.  The  required  diode  yield  is 
forty  percent  (40%)  of  diodes  produced  and  selected  at  random  from  any 
usable  wafer  and  tested  shall  meet  the  cited  specification  for  output  power, 
operating  frequency,  and  power  efficiency. 

In  addition,  for  the  X-band  diode,  performance  curves  shall  be 
supplied  showing  typical  min-max  excursions  for  capacitance,  breakdown 
voltage,  thermal  resistance,  output  power,  power  efficiency,  and  operating 
frequency.  Diode  design  and  process  flow  charts  covering  all  process 
steps  for  the  product  shall  be  detailed. 
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II 


SUMMARY 


The  success  of  the  computer  controlled  epitaxial  GaAs  system  in  the 
preparation  of  low-high- low  (L-H-L)  epitaxial  GaAs  capable  of  producing 
20%  DC  - RF  conversion  efficiency  has  permitted  the  program  to  address 
the  reproducibility  of  the  epitaxial  GaAs  system  and  the  uniformity  para- 
meters of  the  epitaxial  GaAs  crystals.  These  requirements,  reproducibility 
and  uniformity,  are  necessary  to  insure  high  manufacturing  yields  of  the 
high  power,  high  efficiency  GaAs  IMPATT  diodes. 

During  this  period,  the  second  engineering  samples  were  delivered. 
These  diodes  meet  all  of  the  requirements  of  the  X-band  diode  specified  in 
SCS-481.  These  diodes  had  output  powers  from  4.0  - 4.5  watts  at  fre- 
quencies from  10.4  to  11.2  GHz.  The  DC  to  RF  conversion  efficiency  was 
21.0  to  23.7%.  Junction  temperature  for  these  diodes  was  a maximum  of 
175°C  for  a 25°C  case  temperature. 
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EPITAXIAL  GaAs  CRYSTAL  GROWTH 


The  computer  controlled  epitaxial  GaAs  reactor  was  completed  during 
the  last  quarter  and  was  demonstrated  by  preparing  epitaxial  low-high-low 
GaAs  which  was  utilized  to  prepare  IMPATT  diodes  with  efficiencies  greater 
than  20%  atX-band.  It  was,  therefore,  decided  to  investigate  the  flexi- 
bility of  the  epitaxial  system,  the  reproducibility  of  the  system  and  the  uni- 
formity of  the  epitaxial  GaAs  prepared. 

In  order  to  successfully  prepare  epitaxial  GaAs  for  use  in  low-high- 
low  Read  IMPATT  diodes,  it  is  necessary  to  control  the: 

1)  Drift  layer  thickness 

2)  Drift  layer  doping  density 

3)  Doping  peak  doping  density  or  height 

4)  Doping  peak  width 

5)  Doping  peak  position  relative  to  the  epitaxial 
crystal  surface 

A series  of  epitaxial  runs  was  made  with  the  material  parameters 
targeted  for  Ku-band  devices  at  the  start  of  the  series  and  for  C-band  devices 
at  the  end  of  the  series.  This  series  was  selected  to  investigate  the  per- 
formance of  the  epitaxial  system  with  drift  doping  changes  and  different 
growth  times  in  order  to  determine  the  reproducibility  of  the  system  under 
circumstances  in  which  it  must  be  utilized  to  manufacture  high  efficiency 
IMPATT  diodes  at  various  frequencies. 

This  type  of  reproducibility  avoids  fortuitous  reproducibilDy  data 
which  can  be  obtained  on  a single  type  of  material.  If  the  system  loses 
control  of  the  growth  process  at  some  time  after  the  epitaxial  growth  is 
initiated,  the  growth  of  C-band  material,  which  is  thicker  than  the  X-band 
material,  will  determine  if  this  problem  exists.  The  growth  of  less  heavily 
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doped  drift  regions  (C-band)  and  more  heavily  doped  drift  regions  (Ku-band) 
allow  the  verification  of  the  reproducibility  of  the  intentional  doping  system 
and  lack  of  contamination  of  the  Ga  source  leading  to  a fixed  doping 
density. 

This  series  has  been  utilized  to  demonstrate  the  reproducibility  of 
the  growth  rate  and  the  resultant  reproducibility  of  the  drift  layer  thickness. 
The  growth  rate  is  determined  by  dividing  the  average  thickness  of  the  epi- 
taxial layer  by  the  growth  time  . The  average  thickness  is  determined  by 
averaging  the  five  thickness  measurements  which  are  made  on  each  epi- 
taxial wafer  using  the  infrared  (IR)  reflectance  technique. 

The  reproducibility  of  the  growth  rate  should  be  better  than  + 10% 
in  order  to  manufacture  high  efficiency  IMPATT  diodes.  This  variation 
would  result  in  a + 10%  variation  in  the  drift  thickness  which  is  acceptable 
for  the  manufacture  of  these  devices. 

The  data  for  the  growth  rate  for  six  epitaxial  crystal  runs  made  with 
the  same  AsCl^  concentration  are  shown  in  Table  I.  The  first  four  of  these 
runs  were  targeted  for  Ku-band  IMPATT  diodes  and  the  latter  two  were 
targeted  for  C-band  devices.  The  growth  rate  is  reproducible  to  + 1°A  which 
is  better  than  the  + 10%  required. 

It  is  important  to  verify  the  use  of  the  average  thickness  to  deter- 
mine the  growth  rate.  The  use  of  the  average  thickness  depends  on  the  epi- 
taxial layers  having  uniform  thickness  across  the  wafer  so  that  the  average 
thickness  is  not  distorted  by  non-uniformities. 

The  epitaxial  layer  thickness  uniformity  for  these  six  crystals  is 
shown  in  Table  II.  The  maximum  deviation  is  the  percentage  deviation  of  the 
thickest  and  thinnest  of  the  five  measurements  from  the  average  thickness. 
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CRYSTAL  GROWTH  RATE  (lam/min) 


4838-1 

0.16 

4839-1 

0.15 

4840-1 

0.16 

4841-1 

0.15 

4844-1 

0.14 

4845-1 

0.14 

NOTE:  Average  of  6 (six)  Runs  = 0.15  ± 6.7% 


TABLE  I 


GROWTH  RATE  REPRODUCIBILITY 
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CRYSTAL 

AVG  THICKNESS 

MAX  DEVIATION 

+ % / - % 

4838-1 

4.4 

9.1 

6.8 

4839-1 

4.1 

4.9 

2.4 

4840-1 

4.4 

4.5 

4.5 

4841-1 

4.2 

2.4 

2.4 

4844-1 

7.4 

1.4 

0 

4845-1 

7.2 

2.8 

4.2 

TABLE  II  EPITAXIAL  LAYER  THICKNESS  UNIFORMITY 
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All  of  these  epitaxial  layers  have  thickness  uniformities  better  than  + 10% 
and  for  five  of  the  six,  the  uniformity  is  better  than  + 5%.  All  of  these  epi- 
taxial crystals  had  areas  in  excess  of  one  square  inch  with  the  nominal 
area  being  about  1.4  square  inches. 

The  drift  carrier  density  reproducibility  was  determined  for  the  four 
Ku-band  runs.  The  drift  carrier  density  was  evaluated  by  measuring  the 
carrier  density  profiles  on  step-etched  samples  using  evaporated  Schottky 

barrier  diodes.  The  use  of  step-etched  samples  introduces  error  in  the 
Schottky  diode  evaporation  by  preventing  the  samples  from  lying  flat  against 
the  metal  evaporation  mask.  This  factor  introduces  additional  uncertainty 
in  the  area  of  the  Schottky  barrier  diode.  Since  the  square  of  the  area  is 
utilized  in  the  measurement,  the  uncertainty  of  the  measurement  could  be 
significantly  larger  than  the  + 10%  accuracy  normally  considered  for  the 
carrier  density  profile  measurement. 

The  data  which  were  obtained  are  shown  in  Table  III.  The  average 

3 

for  this  series,  excluding  the  first  run,  is  9.6  e 15  donors/cm  +15%  -17%. 
These  data  were  not  as  reproducible  as  was  expected. 

This  lack  of  reproducibility  may  be  related  to  the  measurement 
process  which  was  previously  mentioned.  There  is  some  indication,  however, 
that  the  epitaxial  system  does  not  always  respond  to  the  first  run  after  a 
change  is  made  but  requires  an  additional  run.  It  was  felt  that  this  lack 
of  reproducibility  was  related  to  inadequate  cleaning  between  epitaxial 
runs.  The  cleaning  time  was  lengthened  and  an  additional  series  was  pre- 
pared forX-band  IMPATT  diodes  at  lower  doping  densities.  These  data  are 

3 

shown  in  Table  IV.  The  average  drift  carrier  density  is  5.0  e 15  donors/cm 
+ 8%  which  is  the  variation  expected  from  the  measurement  technique.  It 
may  be  concluded  that  the  computer  controlled  epitaxial  GaAs  system  will 
reproduce  the  drift  carrier  density  to  better  than  + 10%. 
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CRYSTAL 

nDRIFT  x 10_1 

FREOUENCY 

4838-1 

6 . S 

Ku 

4839-1 

11.0 

Ku 

4840-1 

9.9 

Ku 

4841-1 

8.0 

Ku 

NOTE: 

Average  of  3 Ku-Band  Runs  = 

9.6  + 15%  - 17% 

TABLE  III  DRIFT  CARRIER  DENSITY  REPRODUC IBILITY  FOR 
Ku-BAND  L-H-L  STRUCTURES 
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CRYSTAL 

nDRIFT  x 10'15 

FREOUENCY 

4864-1 

5.0 

X 

4865-1 

5.0 

X 

4866-1 

4.6 

X 

4867-1 

5.4 

X 

NOTE: 

Average  of  4 X-Band  Runs  = 

5.0  + 8% 

TABLE  IV  DRIFT  CARRIER  DENSITY  REPRODUCIBILITY  FOR 
X - BAND  L-H-L  STRUCTURES 
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The  reproducibility  of  the  growth  of  the  doping  peak  is  characterized 

by  the  reproducibility  of  the  doping  peak  height  (n  ) , doping  peak  position 

(X  ) , and  the  doping  peak  shape  normally  characterized  by  the  width  at 
P 

1/2  the  peak  height  (6).  Reproducibility  data  for  the  peak  is  shown  in 
Table  V for  six  epitaxial  L-H-Lruns.  For  five  of  the  six  runs,  two  meas- 
urements were  performed  on  the  peak  height  and  peak  position  from  widely 
separated  portions  of  the  epitaxial  layer,  at  least  one  inch  apart.  These 
data  were  obtained  to  provide  preliminary  uniformity  data  on  the  peak  para- 
meters for  an  epitaxial  wafer. 

From  these  data,  it  is  apparent  that  the  reproducibility  of  the  peak 
height  is  +15%  -21%,  the  peak  position  is  + 15%,  and  the  peak  width  is  + 9%. 
These  data  may  be  interpreted  as  excellent  reproducibility  of  the  doping  peak. 

The  variation  in  the  peak  doping  density  may  be  related  to  slightly 
different  growth  processes  which  may  occur  using  different  substrates.  These 
slight  differences  would  be  magnified  by  the  non-equilibrium  doping  con- 
ditions which  are  required  to  form  the  doping  peak. 

In  order  to  more  clearly  show  the  reproducibility  of  the  peak  shape, 
the  doping  peaks  obtained  from  five  epitaxial  runs  are  replotted  from  the 
carrier  density  profiles  in  Figure  1 . The  peak  position  is  normalized  to  the 
center  of  the  doping  peak  so  that  the  reproducibility  of  the  peak  shape  can 
be  illustrated.  No  curves  have  been  drawn  since  the  excellent  reproduci- 
bility of  the  doping  peak  shape  is  apparent  from  the  doping  points  and  the 
inclusion  of  curves  would  unnecessarily  complicate  the  figure. 

The  uniformity  of  the  doping  peak  across  the  surface  of  the  epitaxial 
GaAs  L-H-L  crystal  is  also  extremely  important  in  the  manufacture  of  high 
efficiency, high  power  IMPATT  diodes  at  high  manufacturing  yields.  In  order 
to  establish  this  uniformity,  an  array,  25  x 25,  of  Schottky  barrier  diodes 
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4.6 

0.21 

4838-1 

4.6 

4.6 

0.22 

0.22 

40 

Ku 

5.3 

0.25 

4839-1 

5.0 

5.2 

0.26 

0.26 

44 

Ku 

4840-1 

5.4 

5.4 

0.30 

0.30 

47 

Ku 

3.7 

0.24 

4841-1 

3.6 

3.7 

0.28 

0.26 

48 

Ku 

4.9 

0.28 

4844-1 

5.6 

5.3 

0.25 

0.27 

42 

C 

4.1 

0.21 

4845-1 

3.7 

3.9 

0.28 

0.25 

42 

C 

NOTE: 

Average: 

n 

P 

= 4.7 

+ 15%  - 

21% 

X 

= 0.26 

+ 15%  - 

15% 

P 

6 

= 44 

+ 9%  - 

9% 

TABLE  V PEAK  REPRODUCIBILITY 
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-0.2  -0.1  0 0.1  0.2 
DISTANCE  FROM  PEAK  CENTER  (urn) 


FIGURE  1 REPRODUCIBILITY  OF  PEAK  SHAPE  IN  LHL  CRYSTALS 


was  evaporated  on  the  surface  of  crystal  4844-1.  These  diodes  formed  an 
array  of  one  inch  by  one  inch  or  one  square  inch  of  the  crystal  surface.  The 
carrier  density  profile  for  35  (thirty-five)  of  these  diodes  was  measured  and 
the  peak  height,  peak  position  and  peak  width  were  determined.  These  data 
are  listed  in  Table  VI,  and  a summary  of  the  data  is  shown  in  Table  VII. 

The  total  variation  of  the  measurements  are: 


Peak  Height 

= 

5. 

15 

17  3 

x 10  donors/cm  + 7% 

Peak  Position 

= 

0. 

285 

pm  + 7% 

Peak  Width 

— 

42 

.5 

nm  + 11% 

If  the  precision  of  the  technique  is  estimated  to  be  5 - 6%,  the  total  number 
of  measurements  within  this  deviation  is: 

Peak  Height  = 33  of  35  or  94% 

Peak  Position  = 32  of  35  or  91% 

Peak  Width  = 33  of  35  or  94% 

These  data  indicate  that  the  computer  controlled  epitaxial  GaAs  reactor  is 
capable  of  both  reproducible  and  uniform  doping  peak  growth. 

Sufficient  information  is  now  available  to  initially  predict  the  yields 
which  will  be  obtainable  in  the  production  of  epitaxial  L-H-L  GaAs  crystals. 
The  critical  parameters  which  are  required  and  their  reproducibility  are 

1)  Drift  Thickness  + 10% 

2)  Drift  Carrier  Density  + 10% 

3)  Doping  Peak  Height  + 15% 

4)  Doping  Peak  Width  + 10% 

5)  Doping  Peak  Position  + 10% 

The  buffer  layer  parameters  are  not  critical  provided  a minimum  thickness 
and  carrier  concentration  are  obtained. 
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SCHOTTKY 

POSITION 

PEAK  HEIGHT 

PEAK  POSITION 

WIDTH 

ROW 

COLUMN 

(n  x 10'17) 

km) 

faml 

1 

1 

S.2 

0.300 

42 

5 

5.4 

0.290 

40 

10 

5.3 

0.285 

38 

15 

5.4 

0.287 

45 

20 

5.3 

0.300 

45 

25 

5.4 

0.290 

41 

$ 

1 

5.1 

0.285 

42 

5 

5.1 

0.283 

43 

10 

5.0 

0.283 

45 

15 

5.2 

0.237 

45 

20 

4.9 

0.305 

41 

25 

5.2 

0.295 

43 

10 

1 

5.2 

0.280 

42 

5 

5.1 

0.275 

43 

10 

5.0 

0.267 

41 

15 

5.0 

0.278 

42 

20 

4.3 

0.295 

42 

25 

5.1 

0.290 

47 

IS 

1 

5.2 

0.273 

42 

5 

5.4 

0.270 

41 

10 

5.2 

0.268 

45 

15 

5.1 

0.280 

45 

20 

5.1 

0.288 

42 

25 

5.0 

0.290 

43 

20 

1 

5.0 

0.275 

42 

5 

5.2 

0.280 

40 

10 

5.5 

0.272 

40 

15 

5.2 

0.282 

45 

20 

5.1 

0.290 

44 

25 

4.9 

0.293 

45 

25 

1 

4.9 

0.273 

43 

5 

5.2 

0.280 

45 

10 

5.2 

0.280 

44 

15 

5.2 

0.275 

43 

20 

4.9 

0.280 

40 

TABLE  VI  UNIFORMITY  OF  PEAK  HEIGHT,  PEAK  POSITION, 
PEAK  WIDTH  FOR  L-H-L  CRYSTAL  4844 
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TABLE  VII  SUMMARY  OF  UNIFORMITY  DATA  --  L-H-L  CRYSTAL  4844 


The  yield  for  each  step  is  given  in  Table  VIII.  These  yields  result 


in  an  overall  yield  of  the  56%  for  the  epitaxial  low-high-low  GaAs  structure. 
The  computer  controlled  epitaxial  GaAs  reactor  will  thus  exceed  the  yield 
requirements  of  this  contract. 

The  uniformity  information  indicates  that  the  epitaxial  crystals  pre- 
pared will  have  in  excess  of  the  80%  usable  area  required.  This  required 

2 

uniformity  is  obtained  over  more  than  one  square  inch  or  6.5  cm  , far  in 
2 

excess  of  the  3 cm  area  required. 
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BUFFER  LAYER 

Thickness 

100% 

Carrier  Concentration 

100% 

ACTIVE  LAYER 

Drift  Thickness 

90% 

Drift  Carrier  Concentration 

90% 

Peak  Height 

83% 

Peak  Width 

100% 

Peak  Position 

83% 

OVERALL  YIELD 

5 6% 

TABLE  VIII 


PROJECTED  YIELD  FOR  n/n+/n/n+/n+  L-H-L 
GaAs  STRUCTURES 


\ 


IV  IMPATT  DIODE  RESULTS 

The  required  device  to  be  utilized  for  this  program  is  an  X-band 
IMPATT  diode  with  the  following  specifications: 


Frequency  (F  ) 

Output  Power  (P  ) 
o 

Efficiency  (17) 

Temperature  Rise  (AT) 

Operating  Voltage  (V  ) 

op 

Operating  Current  (I  ) 

op 


9.0  GHz  min,  11.0  GHz  max 

3.5  watts  CW  minimum 

20%  minimum 
o 

175  C maximum 
70  volts  maximum 
500  mA  maximum 


The  second  engineering  samples  have  been  provided  and  exceeded 
all  of  these  specifications.  The  device  results  for  these  diodes  are  listed 
in  Table  IX.  As  can  be  observed,  the  output  power  ranged  from  4 . 0 to 
4.5  watts  and  operated  in  the  upper  portion  of  the  required  frequency  change 
10.4  - 11.0  GHz.  Efficiencies  ranged  from  a low  of  2 1 . 0%  to  a high  of 
23.7%.  Of  particular  importance  are  the  thermal  resistance  and  the  junction 
temperature  rise  above  case  temperature.  The  thermal  resistance  values  are 
low,  8.0  - 10.1°C/W,  leading  to  junction  temperature  rise  of  121  to  150°C. 
These  diodes  also  met  the  noise  specification  of  SCS-481. 


The  computer  controlled  epitaxial  reactor  has  also  been  utilized  to 
prepare  IMPATT  diode  material  in  Ku-band  and  C-band  in  order  to  investigate 
its  versability.  The  epitaxial  crystal  is  evaluated  as  thermocompression 
bonded  (TCB)  diodes,  referred  to  as  the  evaluation  portion,  and  subsequently 
as  plated  heat  sink  (PHS)  diodes,  referred  to  as  the  process  portion.  Data 
for  Ku-band  diodes  are  shown  in  Table  X,  and  C-band  diodes  in  Table  XI. 
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TABLE  IX  RESULTS  FOR  PHS  DIODES  - CRYSTAL  4819- 


TABLE  X DEVICE  RESULTS  FOR  L-H-L  CRYSTAL  4 82  6- 


The  process  portions  are  tailored  to  obtain  maximum  diode  performance 
by  sputter  etching  some  of  the  surface  away  to  attempt  to  precisely  locate 
the  doping  peak  relative  to  the  surface.  This  etching  has  a marked  effect 
on  the  breakdown  voltage  and  also  affects  the  operating  voltage.  It  is  this 
processing  step  which  results  in  the  changes  seen  in  the  breakdown  voltage 
and  operating  voltage . As  more  experience  is  obtained  with  the  epitaxial 
system,  it  should  be  possible  to  eliminate  or  at  least  minimize  this  process 
and  its  subsequent  effect. 

The  material  parameters  for  the  crystals  used  in  Tables  IX,  X,  and 
XI  are  shown  in  Table  XII. 


V 


PROGRAM  FOR  THE  NEXT  QUARTER 


The  epitaxial  system  will  be  operated  to  provide  the  required  epi- 
taxial GaAs  for  the  third  engineering  samples.  Additional  data  will  be  obtained 
on  the  reproducibility  of  the  epitaxial  system  and  uniformity  of  the  epitaxial 
crystals . 

Doping  density  curves  as  a function  of  dopant  concentration  and 
AsC13  mole  fraction  will  be  started  in  order  to  provide  the  doping  curves  re- 
quired in  order  for  the  computer  program  to  calculate  the  appropriate  doping 
conditions  for  the  required  drift  doping  density.  The  initial  attempt  will  be 
made  to  process  the  copius  data  generated  by  the  computer  control  system 
into  more  useful  formats. 
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Dr.  Robert  E.  Walline 
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96 
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67 
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Materials  Engineer 
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HIGH  KEFTCTENCY,  1 1 T Cl  5 1 — ? 'OV.T7H  GALLIUM 
ARSENIDE  Hi  'AD-TiPE  It'.P/YIT  DIODES 


1.  SCOPE 

1.]  Score.  - This  cpocifieati on  covers  the  detailed  requirements  for 
high  efficiency,  high  power  Gallium  Arrange  Head-Type  III  1 'ATT  Dicdcs. 

?.  APPLICABLE  DOCUMENTS 

?A  The  foil ouinq  documents,  of  the  issue  in  effect  on  the  date  of 
invitation  for  bids  or  request  for  proposal,  form  a port  of  the  specification 
to  the  extent  specified  herein. 

SPECIFICATIONS 

MILITARY 

MIL-S-19500  Semiconductor  Devices,  Cencrnl  Specification  for. 

STANDARDS 

MILITARY 

MIL-STD-750  Test  Methods  for  Semiconductor  Devices 

MIL- STD-3. 311  Test  Methods  for  Electron  Tubes 

(Copies  of  srecifi cation,  standards,  d ravines  and  publications  required  by 
suppliers  in  connection  with  specific  procurement  functions  should  lie  obtained 
from  the  procuring  activity  or  ns  directed  by  the  Contracting  Ofiiccr). 

3 . REQUIREMENTS 

3.]  Detail  roouiiTrente . - The  individual  item  requirements  shall  be 
in  ace  or dance  ~v  i Lh  Mi L - il  -19 ) 00 , and  as  specified  herein.  In  the  event  of 
any  conflict,  the  requirements  of  this  specification  shall  govern. 


SCS-48] 


3 ,P  Abbrovirt  1 onn  ntvl  symbols,  - 'Dio  abbreviations  and  symbols  used 
herein  ure  dei'ined  in  i'.lb-D-iy500  unu  ns  follows: 

(lext  = external  quality  factor  of  diode  oscillator 

3.3  Design  end  construction  and  physical  d i r»<-nr> i onr. . - The  diodes  shall 
be  made  by  epitaxial  growth  of  Kead-tyiie  profiles.  'file  diode  shall  consist 
of  a single  mesa,  single  chip  mounted  in  a ceramic- to-metal  microwave  package. 
The  package  shall  be  gold  plated  and  hermetically  sealed.  The  package  shall 
provide  moans  for  readily  heat  sinking  the  diode.  A schematic  of  a suitable 
package  is  shown  in  Figure  1. 

3.3*1  Operative*  position.  - The  diode  shall  he  capable  of  proper 
operation  in  any  position. 

3. 4 Performance  character! sties.  - The  diode  performance  characteristics, 
while  operating  as  oscillators,  stall  be  as  specified  in  Tables  I and  II 'and 

as  listed  below.  The  performance  characteristics  shall  apply  over  the  specified 
ambient  operating  temperature  range  unless  otherwise  specified. 

3.4.1  Process  conditioning.  - All  units  shall  be  process  conditioned 
before  they  are  subjected  to  the  tests  and  examinations  defined  in  Tables  I 
end  II  (see  4.5.4). 


3.5  Serial  number.  - The  manufacturer  shell  assign  0 serial  number  to 
each  device  furnished  to  this  specification.  This  serial  number  shall  be 
sequential  and  non-repeating. 

3.6  Interchangeability . - All  parts  having  the  same  manufacturer's  part 
number  shall  be  directly  Gnd  completely  interchangeable  with  each  other 
with  respect  to  installation  and  performance  within  the  requirements  of  this 
specification. 

3-7  Storage  life  ( non-onernti ng) . - Following  storage  at  an  ambient 
temperature  of  POOfTC  + 3'JC  1'or  1000  hours  minimum,  all  diodes  shall  meet  the 
requirements  of  oscillator  frequency,  oscillator  output  pov;er  and  oscillator 
efficiency  as  defined  in  Table  III  (see  4.6. 5). 

3.8  Operating  life.  - All  diodes  vhich  have  operated  for  1000  hours 
minimum  per  the  requirements  of  Tabic  III  shall,  have  u power  output  of  no 
less  than  75  percent  of  the  initial  power  output  (see  4.6.6). 


SCS-481 


3.9  Mechanical  tnni  nr*,,  ••  The  RF  output  power  shall,  not  decrease  below 
specified  value  in  Table  HI.  The  frequency  and  power  shall  vury  smoothly 
with  no  steps  or  Jumns  (see  U . 6. 3 ) • 

3.10  External  0.  - The  external  quality  factor,  Qext»  the  diode 
oscillator  shall  not  he  more  than  ?00  (see  4.6.4). 

4.  QUALITY  ASSURANCE  PROVISIONS 

4,1  Rcsnonn ihiltty  for  insreeti on.  - The  contractor  is  responsible  for 
the  performance  01  all  inrpec  .ions  syccifi ed  herein.  The  contractor  may 
utilize  his  own  facilities  or  any  commercial  laboratory  acceptable  to  the 
Government.  Inspection  records  of  the  examinations  and  tests  shall  be  kept 
complete  and  available  to  the  Government  as  specified  in  the  contract.  The 
Government  reserves  the  right  to  perform  any  of  the  inspections  set  forth 
in  the  specification  where  such  inspections  are  deemed  necessary  to  assure 
that  supplies  and  services  conform  to  prescribed  requirements. 

4.P  Classification  of  insrection.  - Inspection  shall  be  classified  as 
follows : 


(ft)  First  article  inspection  (does  not  include  preparation  for 
delivery)  (see  4.4). 

(b)  Quality  conformance  inspection  (sec  4.5). 

4.3  Test  plan.  - The  contractor  prepared  Government-approved  test  plan 
shall  contain: 

(a)  Time  schedule  and  sequence  of  examinations  and  tests. 

(b)  A d eccription  of  the  method  of  test  and  procedures. 

(c)  Programs  of  any  automatic  tests  including  flow  charts  and  block 
d ingrnms. 

\d)  Identification  and  brief  description  of  each  inspection  instru- 
ment and  date  of  most  recent  calibration. 

4.4  FI  rat  article  insrection.  - First  article  testing  shall  consist  of 
the  tests  specified  in  Tables  I and  TI.  For  the  tests  of  Table  I and  the 

end  point  measurements  of  Table  II,  the  diodes  shall  he  operating  as  oscillator 
in  the  test,  cavity.  The  number  of  units  to  be  subjected  to  each  test  shall 
he  as  stated  In  the  contract.  No  failures  will  he  permitted. 


4.5  On.'il  i tv  conformance  inspection.  - This  inspection  shall  bo  performed 
on  sampler.  selected  from  the  pilot  product l on  as  specified  in  the  contract 
and  shall  consist  of  Group  A and  Ii  inspections. 

4.5.1  Group  A Inspection,  - Group  A inspection  shall  consist  of  the 
examinations  and  tests  specified  In  Table  I.  The  diodes  shall  be  operating 
as  oscillators  in  the  test  cavity. 

4.5 .2  Gronn  B Inspection.  - Group  D inspection  shall  consist  of  the 
examinations  and  tests  specified  in  Table  II. 

I*.  5*  3 Groan  C inspection.  - Group  C inspections  are  not  applicable  to 
this  spec i fi cation. 

4.5.4  Process  conditioning.  - All  diodes  vi  11  be  stored,  non-operating, 
under  the  following  conditions: 

(a)  Junction  temperature:  225°C  max 

200°C  min 

(b)  Storage  time:  168  hrs.  min 

It. 5*5  Test  cavity.  - Tvo  suitable  microwave  test  cavities,  one  for  each 
frequency  band,  shall  be  used  to  Lest  the  performance  of  the  diedes. 

4.6  Methods  of  examination  end  test.  - Methods  of  examination  and  test 
shall  be  an  specified  in  Tables  1 and  II  and  as  follows: 

4.6.1  AM  noise.  - An  AM  noise  measurement  system  ns  shown  schematically 
in  Figure  2 shall  be  used  to  determine  the  AM  noise  to  signal,  ratio.  The  Ail 
noise  spectrum  shall,  be  measured  continuously  from  10  KHz  to  100  KHz  from  the 
carrier  as  a minimum  and  recorded  by  an  x-y  recorder.  Noise  measurements 
shall  be  performed  while  diode  oscillator  is  meeting  the  operating  require- 
ments in  Table  III. 

4.6.2  PM  noise.  - An  FM  noise  measurement  system  ns  shown  schematically 
in  Figure  2 shall  be  used  to  determine  FM  noise  deviation.  The  FM  noise 
spectrum  shall  be  measured  continuously  from  10  KHz  to  100  KHz  from  the  carrier 
as  a minimum  and  recorded  by  an  x-y  recorder.  Noise  measurement  shall  be 
performed  while  the  diode  oscillator  is  meeting  the  operating  requirements 

in  Table  HI. 

4.6.3  Meehan < col ten i ng«  - The  oscillator  unit  will  be  mechanically 

tuned  over  the  required  frequency  range  of  + 250  MHz  from  operating  frequency. 


I. 
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4.6.4  External  0.  - The  externa]  quality  factor,  Q ^ , of  the  diode 
oscillator  shall  be  determined  by  standard  Injection  loosing  techniques.  A 
small  locking  signal  shall  be  in.icctcd  into  tlie  diode  oscillator  for  mens' u re - 
went  of  locking  bandwidth  ns  a function  oi-  injected  pov.'er. 

4.6.5  Stora.ee  life  (non-onornti  n») . - The  diodes  shall  be  stored  at  an 
ambi  ent  temperature*  of  I GOl  'C  h j°C  for  1000  hours  minimum.  These  diodes  shall 
be  selected  randomly  from  diodes  which  have  undergone  process  conditioning 
and  have  successfully  passed  all  Group  A inspections.  Upon  completion  of 
storage,  the  diodes  shall  be  subjected  to  the  following  tests  described  in 
Table  1:  Oscillator  frequency,  oscillator  output  power  arid  efficiency. 

4.6.6  Operating  J iJY* , - The  diodes  shall  be  tested  under  operating 
conditions  in  accordance  with  Table  III  for  1000  hours  minimum.  Power  output 
shall  be  monitored  continuously.  The  diodes  subjected  to  the  operating  life 
test  shall  be  selected  randomly  from  diodes  which  have  undergone  process  con- 
ditioning and  have  successfully  passed  all  Group  A inspections.  The  number 
of  failures  as  a function  of  tiir.e  shall  be  recorded.  The  test  shall  be 
conducted  in  an  ambient  temperature  of  £5  ■*  3C>0  and  the  cavity  temperature 
shall  not  exceed  75°C  during  this  test. 

4.6.7  Efficiency  (RF-DC).  - The  KF  to  PC  power  efficiency  of  diodes 
operating  as  oscillators  shall  be  determined  by  measuring  the  DC  input  power 
and  using  standard  mathematical  formulations. 

Power  Efficiency  (RF-DC ) - Power  output  (P?)  X 1.00 

Power  in  (TaT) 

4.6.8  RF  outnut.  rower.  - RF  output  power  of  diodes  operating  ns  oscil- 
lators shall  be  measured  at  operating  frequency  in  accordance  with  method 
4?60,  MIL-STD-1311  using  a calibrated  thermistor  and  pcvier  meter. 

4.6.9  Oscillator  freonenev.  - Frequency  of  diodes  operating  as  oscil- 
Intors  shall  bo  determined  with  a calibrated  spectrum  analyzer  and  verified 
with  a calibrated  frequency  meter. 

4.6.10  DC  bias  voltage.  - DC  bias  voltage  of  diodes  operating  ns  oscil- 
lators shall  be  measured  in  accordance  with  method  401 6,  MIL-STD-750* 

4.6.11  DC  bias,  current.  - DC  bins  current  of  diodes  operating  as  oscil- 
lators shall  be  measured  in  accordance  with  method  4016,  MIL-STD-750. 


1 
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4.6.1?  Nuclear  radiation  exnosure.  - Devices  w i. 1 1 bo  exposed  to  the  neutron 
i level,  sped  Tied  helot:  over  a time  period  not  to  exceed  five  (5)  minutes,  "'ll  to 

exposure  tail  be  conducted  with  the  devices  in  n non-operating,  non-biased 
l condition  and  at  a temperature  not  to  exceed  40°C.  Devices  shall  not  experience 

j temperatures  in  excess  of  4C°C  prior  to  evaluation  testing.  Evaluation  will 


be  conducted  in  such  a manner  that  no  device  will  be  operated  for  more  than 
two  (?)  minutes  prior  to  completion  of  the  sub-group  tests.  These  precautions 
are  necessary  tc  reduce  the  effects  of  high  temperature  annealing  of  the 
i radiation  induced  damage. 

* lCASn/cr;;^,  1 HeV  equivalent  (Si) 

10^  isds  (Si)  gamma 

4.6.13  Junction  temperature.  - The  junction  temperature  shall  be  determined 
as  follows:  The  breakdown  voltage  of  the  diode  shall  be  measured  at  4 0°C 
intervals  between  ?0°C  and  2C0°C  in  accordance  with  method  4021  of  MIL-STD-750, 

■ The  breakdown  voltage  shall  be  that  voltage  corresponding  to  n reverse  current 

of  1 mA.  The  diode  shall  then  be  biased  under  pulsed  conditions  in  0.  lossy 
1 circuit  to  suppress  oscillations  thus  making  input  power  equivalent  to  dissi- 

i pated  power.  Pulse  width  shall  be  sufficient  (about  1 msec)  for  the  diode 

; to  reach  thermal  equilibrium.  The  diode  shall  then  be  pulsed  down  to  a 

; current  of  1 mA  and  breakdown  voltage  shall  be  measured.  The  pu] se-d own 

duration  shall  be  short  (several  microseconds)  to  prevent  cooling  of  the  diode. 

From  this  data  thermal  resistance  of  the  diode  shall  be  determined.  The 

Junction  temperature  of  a diode  under  operating  conditions  shall  be  determined 
from  its  power  input,  power  output  and  thermal  resistance. 

5.  PREPARATION  FOR  DELIVERY 

; 5*1  Preparation  for  delivery.  - Packaging  end  marking  shall  be  in  accord- 

ance with  the  contract. 

6.  NOTES  - None. 
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